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Currently many approaches are used to monitor morbidity 
in experimental mouse studies, including assessment of body 
weight, activity, hydration, and hair coat appearance, with assess-
ment of body weight predominating.1,11,15-17,19,21,23,25 However, in 
cancer research, these commonly used endpoints are not always 
effective tools for health assessment. The assessment of activity or 
coat appearance is subjective. Dehydration and weight loss can be 
difficult to ascertain accurately because an increase in tumor mass 
can mask the loss of overall body weight that is associated with 
dehydration, loss of normal fat deposits, and muscle wasting. In 
mice with subcutaneous tumors, tumor size, tumor ulceration, 
and the animal’s ability to ambulate can be measured objectively 
and used to evaluate health. 8 However, in mice with internal 
tumors, these parameters may be difficult to evaluate, and body 
weight and overall appearance may be the only parameters that 
can be assessed clearly. Therefore, additional evaluation methods 
that are noninvasive, reliable, and easily performed would be 
useful.
Body condition scoring (BCS) is a routinely used technique in 
veterinary medicine for assessing health and nutritional status. In 
ruminants, pigs, and horses, BCS has been used to assess health 
in disease and reproductive states.3,4,9,14,18,22 In addition, BCS tech-
niques have been used to monitor dogs and cats with neoplasia 
and heart disease2,20 and to evaluate diet choice and volume when 
treating obesity.12,13 Furthermore, BCS techniques have been de-
veloped for application to laboratory species and have the poten-
tial to improve animal welfare in research.5,6,7,8,10,24
Body condition scoring has been adapted for rodents. In rats, 
BCS and body weight have been used adjunctively to evaluate 
diabetes models.11 Although BCS techniques for mice have been 
used to accurately assess the health of P- and E-selectin double-
deficient mice,7,24 this technique has not been applied to or evalu-
ated in other mouse models.6,24 In addition, although BCS is an 
effective evaluation method, it alone does not give a complete 
picture of animal health. In this study, we used body weight, BCS, 
appearance, and behavioral assessments to evaluate morbidity in 
a mouse model of peritoneal lymphoma. Our hypothesis was that 
body weight would plateau or increase as the tumors increased 
in size, but body condition score would decrease and, therefore, 
more accurately reflect the true health status of the mouse. We 
also hypothesized that a change in appearance and behavior 
would accompany the decrease in BCS. A total score combining 
these evaluations was developed to assess overall health status 
in mice, helping investigators and animal care staff to reevaluate 
study endpoints for abdominal tumor growth. A further hypoth-
esis was that the total score would provide more sensitivity than 
BCS, appearance, or behavior alone in assessing health status. To 
reduce the overall number of animals used for this study, we col-
laborated with an investigator performing abdominal lymphoma 
research at our institution and evaluated animals from ongoing 
studies of different anticancer vaccine therapies.
Materials and Methods
Animals. Female C57BL/6J mice (n = 40; age, 7 wk; Jackson 
Laboratory, Bar Harbor, ME) were evaluated for this study. 
These mice were already being used in a collaborator’s abdomi-
nal lymphoma study, which was designed by another investi-
gator. The mice were each assigned a unique number and were 
housed together in groups of 4, according to our collaborator’s 
treatment groups. The endpoint assessment control groups (C1 
and C2) comprised a total of 16 mice, and the endpoint assess-
ment experimental groups (E1, E2, and E3) involved 24 mice in 
all. Mice were housed in polycarbonate shoebox cages with filter 
tops (Thoren Caging Systems, Hazelton, PA) and corncob bed-
ding (Bed-O’Cobs, The Andersons, Maumee, OH). Cages were 
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1 on a scale of 1 to 5), abdominal distention that impeded move-
ment, labored breathing, unkempt haircoat, abnormal posture, 
dehydration, and weight loss. If these clinical signs were observed 
by the technical staff, a veterinarian was consulted or the animal 
was euthanized. At 46 d after tumor induction or when IACUC-
approved endpoints were achieved (regardless of the total score 
recorded), mice were euthanized by carbon dioxide asphyxiation. 
All but 1 animal in the experimental group were euthanized at 
various times before the 46-d study end due to achievement of 
euthanasia endpoints.
Monitoring. In addition to daily assessment by our collaborator, 
mice were assessed at the same time of the morning every other 
day by a group of 2 or 3 observers employed by our lab (instead 
of our collaborator) who evaluated each mouse against defined 
criteria (Figure 2). This assessment was performed to assign an 
objective rating to the subjective criteria that had been approved 
as part of the experimental protocol and to develop a panel of 
objective ratings that could be used to guide decisions regarding 
euthanasia of individual animals with improved consideration of 
animal welfare. The observers were blinded with regard to treat-
ment by vaccine but performed their assessment concurrently. 
Our laboratory has demonstrated that there is no significant in-
terobserver variation when assessing BCS in mice.8 In addition, 
observers were blinded to endpoint assessment control and treat-
ments groups, and a new score sheet was used daily to blind the 
observers to the previous days’ data.
Training of observers. To obtain consistent scoring, our observer 
group received instruction and hands-on training in body con-
dition, appearance, and behavior scoring, based on the criteria 
described in the following sections. Our lab practiced the scoring 
techniques together, and then separately, until the scoring system 
for each observer was reproducible and consistent with those of 
other observers. Our collaborator and his research staff completed 
online and instructor-led rodent handling and technique courses, 
as required by our institution. Our collaborator’s group did not 
receive specific training in outscoring techniques, because scoring 
was done by our group.
Appearance. The filter top was removed, and each mouse was 
scored regarding its appearance. Animals were assigned a score 
of 2 to 0. A ‘normal’ score of 2 was given to mice having a shiny, 
well-kept hair coat; long, twitching vibrissae; bright, clear eyes; 
erect ears; and pink mucous membranes. A score of 1 was as-
signed to animals whose hair coat was unkempt, dull, or soiled 
and whose vibrissae appeared clumped. A score of 0 was given to 
an animal that was hunched; had bristled, clumped, soiled, dull 
fur; dry or dull eyes and nose; and tacky mucous membranes. 
Scores of 1 and 0 were considered abnormal.
Natural behavior. Before being handled, each mouse was as-
signed a score of 3 to 0 with regard to its unprovoked behavior 
(‘natural behavior’). A normal mouse, receiving a score of 3, am-
bulated easily about the cage, took interest in its environment, 
interacted with its cagemates, and looked up at the observer. A 
mouse assigned a score of 2 took less interest in its environment, 
interacted less with cagemates, and disregarded the observer. A 
mouse receiving a score of 1 was less mobile, isolated from its 
cagemates, sat in a cage corner, and did not readily move when 
the cage was disturbed. A score of 0 was assigned if the mouse 
was immobile or hyperreactive. Scores of 0 and 1 were considered 
abnormal.
changed weekly in a laminar-flow changing station (Lab Prod-
ucts, Seaford, DE). Animal caretakers wore gloves and sprayed 
their gloves with 10% bleach solution between cage changes. 
Soiled cages were sanitized in a mechanical cage washer with a 
final rinse temperature of 82 °C. The room was kept on a 12:12-h 
light:dark cycle. Mice were provided with ad libidum rodent 
chow (LabDiet 5001, Purina Mills International, St Louis, MO) 
and tap water. The temperature in the room was maintained at 22 
°C and humidity at 30% to 70%. All procedures were approved 
by the Portland VA Medical Center Institutional Animal Care and 
Use Committee in accordance with federal policy.
At the time of this study, all mice were free of mouse corona-
virus, Sendai virus, mouse parvovirus, minute virus of mice, Ec-
tromelia virus, reovirus type 3, pneumonia virus of mice, murine 
adenovirus, Mycoplasma pulmonis, lymphocytic choriomeningitis 
virus, mouse rotavirus, mouse encephalomyelitis virus, polyoma 
virus, murine cytomegalovirus, and rodent pinworms and mites 
as assessed through the quarterly evaluation of sentinels indi-
rectly exposed to colony animal dirty bedding. Sentinel animals 
at this facility are not screened routinely for other pathogens such 
as Helicobacter spp. and murine norovirus.
Endpoint assessment experimental and control groups. In our 
collaborator’s study, the mice were divided into control and ex-
perimental groups. The endpoint assessment control groups (n = 
16) consisted of mice that were not challenged with tumor cells 
(Figure 1). According to our collaborator’s protocol, 24 mice were 
evaluated as part of the endpoint assessment experimental group. 
All of the animals in the experimental groups were challenged 
with the C6VL tumor line, as described in the next section.
Induction of T-cell lymphoma and vaccination. Mice in the 
endpoint assessment experimental group were inoculated with 
tumor cells followed by immunization with idiotype protein vac-
cines with or without antibodies to assess the effectiveness of an-
titumor activity in our collaborator’s experiment. The tumor cell 
line used in these experiments was C6VL, which is a thymoma 
induced by radiation in C57BL/6J mice. The tumor cell line origi-
nated inhouse from mice that were screened for pathogens by 
our sentinel program. Cells for tumor induction were grown in 
vitro, frozen in liquid nitrogen, and thawed 1 to 2 d prior to tumor 
challenge. Tumor cells were washed in PBS, and a dose of 500 µL 
containing 5000 cells was given intraperitoneally. The endpoint 
assessment control groups were injected intraperitoneally with 
500 µL PBS instead of being challenged with tumor cells. The vac-
cine was made from a unique malignant lymphocyte protein (id-
iotype protein) mixed with various adjuvants. Idiotype proteins 
were purified, dialyzed, and sterilized prior to administration. 
Vaccines (0.35 mg) were given in a volume of 0.1 to 0.2 mL either 
subcutaneously or intraperitoneally and were repeated every 1 to 
2 wk for 3 to 4 immunizations. Control mice received PBS-only 
injections.
Some mice were treated with antiCD4 cell markers to test bind-
ing to the tumor variable region. These antibody treatments (250 
µg) were given in a volume of 500 µL subcutaneously or intrap-
eritoneally once weekly for 4 wk. The tumors grew quickly, and 
signs of abdominal distention were evident at 4 to 6 wk. Animals 
were checked by our collaborator and animal care staff daily for 
signs of morbidity. Consistent with the available literature, the 
institutional animal care and use committee approved endpoints 
that were based on indications of significant tumor growth, in-
cluding 1 or a combination of these clinical signs: low BCS (that is, 
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condition on a scale from 1 to 5, according to previously estab-
lished criteria.6,7,24 Only whole numbers were assigned. Briefly, a 
mouse receiving a score of 1 was considered emaciated, with no 
palpable fat over the sacroiliac region, severely reduced muscle 
mass, with prominent vertebrae and iliac crests. A score of 2 was 
given to those animals with some fat deposition and muscle mass 
but less than that palpated in mice with a score of 3; these mice 
also had visible iliac crests. Mice that received a score of 3 were 
considered normal, had easily palpable fat pads, reduced defini-
tion of vertebral bodies, palpable but not visible iliac crests, and 
thick prominent muscle mass. Mice assigned a score of 4 were 
‘overweight,’ as demonstrated by difficulty in palpating iliac 
crests, difficulty in assessing vertebral definition, and prominent 
fat pads overlying muscled areas. Obese mice were given a score 
of 5; these mice had fat pads that overlaid muscle and iliac crests, 
thereby obscuring their presence both tactilely and visually and 
giving the animal’s rump a rounded appearance. Body condition 
scores of 1 or 2 were considered abnormal.
Total score. Total scores were calculated by combining the sub-
scores assigned after subjective evaluation of appearance, natu-
ral behavior, provoked behavior, and BCS. Weight was excluded 
from the total score because it was an objective measurement that 
varied depending on the age and initial size of the mouse. Total 
scores were calculated and ranged from 1 to 13, with 13 represent-
ing an obese animal with normal behavior and 1 representing a 
weak, hunched, nonambulatory, emaciated animal with an un-
kempt hair coat. Animals with a score of 11 to 13 were considered 
healthy, whereas animals with a score of 6 to 10 were considered 
less robust and demonstrating clinical signs associated with mor-
bidity. When an animal’s total score fell at or below 5, the animal 
was scored and weighed daily by our study group, until a con-
tinued decline in score necessitated euthanasia according to the 
IACUC-approved endpoints of the protocol or the veterinarian’s 
discretion. We chose to increase the frequency of assessment to 
enhance our ability to advocate euthanasia if warranted. If the 
animals did not improve in total score after 2 d, the veterinarian 
was consulted. We found that animals with a score of 3 or less 
were candidates for euthanasia, especially if the BCS was 1, con-
sistent with the IACUC-approved endpoints.
Data analysis. Of the 40 mice that started in the study, 36 were 
included in the data set for analysis. Of the 24 animals in the end-
point assessment experimental group, 20 were included in the 
data analysis. The remaining 4 mice were excluded because they 
either developed independent health problems (hydrocephaly, n 
= 1) or because they did not develop signs of tumor development 
(abdominal distention, n = 3) by the completion of the study. No 
animals that developed clinical signs consistent with tumor de-
velopment remained at the 46-d study endpoint. All animals in 
Provoked behavior. After the assessment of natural behavior, 
each mouse was gently nudged and assigned a score of 3 to 0 rep-
resenting its response to this provocation. A normal score of 3 was 
assigned to mice that readily walked or ran away or turned to 
sniff the observer. A score of 2 was given to mice that reluctantly 
moved away with some difficulty or had a hyperactive response 
inconsistent with mild provocation. A score of 1 was assigned to 
mice that moved slowly away after an extended pause. A score of 
0 was assigned to animals that did not move or reacted with an 
especially exaggerated excitable response. Scores of 0 and 1 were 
considered abnormal.
Body condition score and weight. Mice were weighed every 
other day. For assessment of BCS, mice were placed on the wire-
bar top of the cage. While gently restraining a mouse by holding 
the base of its tail, the observer used the thumb and index finger 
of the other hand to palpate the degree of muscle and fat over the 
sacroiliac region. Animals were scored every other day for body 
Figure 1. Description of control and experimental treatment groups.
Figure 2. Behavioral and appearance descriptions used to assign scores 
to mice. Abn, abnormal; N, normal.
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received a BCS of 1 by the time they were removed from the ex-
periment and euthanized (Table 1). The difference in BCS change 
between the control and experimental groups was statistically 
significant (P < 0.001).
Appearance. The difference in daily average appearance score 
change for the endpoint assessment control and experimental 
groups was statistically significant (P < 0.001). All mice in the 
control groups maintained a normal score of 2 on a scale of 0 to 
2 throughout the study. Although animals in the experimental 
group started with a score of 2, most mice had decreased scores to 
0 by the end of the study (Table 1). The average daily appearance 
score loss for the experimental groups was 0.059 ± 0.043 (versus 
0 ± 0 for controls).
Natural behavior. The difference in average daily natural behav-
ior scores for the endpoint assessment control and experimental 
groups was statistically significant (P < 0.001). Natural behavior 
scores did not change for the control group: all scores remained 
at 3 on a scale of 0 to 3 throughout the study. All mice in the ex-
perimental group started at scores of 2 (4 mice) or 3 (16 mice) and 
decreased to 2, 1, or 0 before being removed from the study (Table 
1). The average natural behavior score loss daily for the experi-
mental groups was 0.059 ± 0.03 (versus 0 ± 0 for controls).
Provoked behavior. As with the appearance and natural behav-
ior scores, the difference in the average daily provoked behav-
ior scores for the endpoint assessment control and experimental 
groups was statistically significant (P < 0.001). The control groups 
started and ended at 3 on a scale of 0 to 3, with no change. The 
experimental groups all started the experiment at a score 3 but 
ended at different scores (Table 1). The average score loss daily 
for the experimental groups was 0.061 ± 0.066 (versus 0 ± 0 for 
endpoint assessment controls).
Total score. All animals regardless of treatment group began 
the study with a total score of at least 10 of a maximum of 13. In 
the endpoint assessment control groups, the total score increased 
to 12 in 10 mice, including animals that had an increase in BCS 
from 3 to 4. The remaining 6 control animals maintained a total 
score of 11 until the end of the experiment. The average increase 
per day of TS for the endpoint assessment control groups was 
0.0136 ± 0.022. The endpoint assessment experimental groups 
had an overall daily decrease in total score of 0.24 ± 0.15 (Figure 4). 
Individual and total score changes are summarized in Table 1. 
By the completion of the study, 3 animals had total scores of 1, 1 
animal had a total of 2, 8 mice had total scores of 3, 5 animals had 
total scores of 4, 1 animal had a score of 8, and the remaining 2 
mice had total scores of 10. None of the mice in the experimental 
groups showed increases in TS. The difference between the aver-
age daily change in total score between the endpoint assessment 
control and experimental groups was statistically significant (P 
< 0.001).
Representative time-course assessment. The preceding data 
were analyzed as numeric score difference between study begin-
ning and end points divided by number of study days, which 
varied among mice. Tracking the same data over time for 1 rep-
resentative animal from both the experimental group (Figure 5 A) 
and the control group (Figure 5 B) reveals trends in weight and 
total score as the disease process progresses. For the experimental 
group animal, weight increased whereas total score decreased. In 
contrast, in the control animal, weight increased and total score 
changed little.
the control groups (n = 16) were included in the data analysis and 
did not decline in health.
Our data analysis was performed without stratifying the end-
point assessment experimental groups into specific treatment 
type. Although we realize that the various treatments (antibody 
treatment versus antibody plus vaccine) may have altered the 
rate and extent of tumor growth, the purpose of our study was 
to assess BCS and behavior scoring, relative to a control group, 
as an adjunctive monitoring method. Analysis of the efficacy of 
the different tumor treatments will be reported elsewhere by our 
collaborator.
Body weight, BCS, appearance, natural behavior, provoked be-
havior, and total score, were compared between the endpoint as-
sessment control and endpoint assessment experimental groups. 
These data were normalized for the variation in time each mouse 
was in the study before being euthanized, because animals were 
not evaluated for the same number of days. Weights were calcu-
lated as a percentage change from the starting to terminal weight 
divided by the number of days the mouse was in the study before 
being euthanized due to advanced tumor burden (according to 
the endpoints approved by the IACUC). The BCS, appearance, 
natural behavior, provoked behavior, and total score data were 
calculated as numerical score change from initial day of study 
to endpoint divided by the total number of days each particular 
mouse was in the study before euthanasia. Data are shown as 
mean ± 2 SD. Statistical differences were calculated by using an 
unpaired t test for the weight comparisons and both unpaired t 
and Mann–Whitney tests for the subjective scoring. All statistical 
analyses were performed by using SigmaStat statistical software 
(version 3.0, SPSS, Chicago, IL). Differences were considered sig-
nificant if the P value was less than 0.05.
Results
Two mice in the first antitumor antibody group (E1) and 1 
mouse in group E3 did not develop clinical signs consistent with 
tumor development (lethargy and abdominal distention) after 46 
d. These mice were excluded from the data analysis of the end-
point assessment study but were included in our collaborator’s 
efficacy study. Their scores were consistent with those of the con-
trol groups. One mouse in the first antitumor antibody group (E1) 
developed hydrocephaly unrelated to study manipulations after 
study day 4 and was removed from both studies.
Weight comparisons. Body weights increased for all animals, 
with the control group weights increasing an average of 0.46% 
± 0.19% of their initial weight each day and the experimental 
group increasing by an average of 0.62% ± 0.62% of their initial 
weight daily. The length of participation in the study varied for 
each mouse in the experimental group and ranged from 25 to 46 d 
(Table 1). Mice in the endpoint assessment control groups and ex-
perimental groups did not differ significantly in terms of changes 
in body weight from baseline values (Figure 3).
BCS comparisons. All animals in the study started with a nor-
mal BCS of 3 on a scale of 1 to 5. In the endpoint assessment 
control groups (n = 16), 10 mice increased from a score of 3 to 4, 
correlating with the weight gain, whereas the remaining 6 mice 
maintained a BSC of 3. When the data from all animals in the end-
point assessment control groups were averaged, the daily change 
in BCS was 0.014 ± 0.022 (mean ± 2 SD). In the endpoint assess-
ment experimental groups, BCS decreased by an average of 0.060 
± 0.033 daily. Of the 20 animals in the experimental groups, 18 
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In this study, all animals gained weight regardless of treatment 
group. This result was understandable, because the subjects, be-
ing young female mice, should have gained weight as they con-
tinued to grow. However, we expected that as the experimental 
groups became ill and their tumor burden increased, their weight 
would either increase or remain unchanged. Our data supported 
this prediction and demonstrated that weight was not an accurate 
indicator of the morbidity of tumor burden. As demonstrated by 
the time courses of total score and body weight for a representa-
tive mouse (Figure 5), an animal’s weight can increase significant-
ly while the total score, reflecting overall health, declines rapidly.
The mean rate of weight change of the experimental groups 
was not statistically significant different than that of the control 
group. Because the mice in the experimental groups reached end-
points earlier and were therefore on study for a shorter period of 
time than were the control mice (25 to 46 d for experimental mice 
versus 46 days for all mice in the control group; Table 1), the rate 
of weight increase between groups may have diverged more with 
time had all of the experimental mice completed the full 46 d of 
the study. Abdominal distension related to tumor growth may 
have masked some differences.
Compared with body weight, BCS was a more accurate indica-
tor of mouse health and decreased as mice began to develop clini-
cal signs associated with tumor growth (for example, abdominal 
distention, reduced activity). This result was expected because 
BCS is assessed by evaluating muscle mass and fat deposition in 
the sacroiliac region, which decrease as neoplasia progresses and 
Discussion
Weight loss is a commonly used endpoint for animal 
studies,11,15,23,25 but is not an ideal parameter for monitoring animal 
wellbeing in studies involving internal tumor growth. The in-
crease in the mass of the tumor can mask the loss of overall body 
condition and dehydration, thereby delaying interventions such 
as parenteral or nutritional support and euthanasia. For subcuta-
neous tumors, reported alternative endpoints include tumor size, 
presence or absence of ulceration, and interference with mobility.8 
Abdominal tumors are more challenging, because it is difficult to 
assess tumor size without complex imaging techniques (for ex-
ample, computed tomography and magnetic resonance imaging) 
or distress to the animal (for example, restraint and palpation). 
Body condition score may aid in health assessment because it 
is independent of body weight and abdomen size. Instead, BCS 
allows assessment of muscle mass and adipose accumulation, 
thereby monitoring cachexia and emaciation.
Our study intended to assess the applicability of a variety of 
parameters that can be easily and regularly assessed with mini-
mal training and equipment. These parameters included body 
weight, BCS, appearance, natural behavior, and provoked behav-
ior. Appearance and behavior are commonly assessed markers of 
animal wellbeing. However, these criteria are highly subjective, 
unless observers are asked to use a scoring system to classify each 
animal.11,15 To develop an assessment scale, we evaluated these 
parameters individually and as a group (that is, total score), ex-
cluding body weight.
Table 1. Initial and terminal data of individual mice in the endpoint assessment experimental group
Weight (g)
Body condition 
score Appearance Normal behavior
Provoked be-
havior Total score
No. of 
days 
on studyGroup Mouse Initial Terminal Initial Terminal Initial Terminal Initial Terminal Initial Terminal Initial Terminal
E1 1A 14.5 19 3 1 2 2 3 2 3 3 11 8 31
1D 16.2 18.6 3 1 2 0 3 1 3 2 11 4 29
2A 15.3 21.4 3 1 2 0 3 0 3 0 11 1 42
2B 15.9 17.6 3 1 2 0 3 1 3 1 11 3 31
2C 16.6 20.3 3 1 2 0 3 1 3 2 11 4 36
2D 17.3 20.1 3 1 2 0 3 1 3 2 11 4 31
3B 16 19.3 3 1 2 0 3 1 3 1 11 3 30
3C 16.8 21.4 3 3 2 2 3 2 3 3 11 10 46
3D 14.9 16.8 3 1 2 0 3 1 3 0 11 2 30
E2 14A 17.5 19.1 3 1 2 0 2 0 3 0 10 1 28
14B 16.1 18.8 3 1 2 0 2 0 3 0 10 1 28
14C 15.6 21 3 1 2 0 2 1 3 1 10 3 30
14D 17.6 21.5 3 2 2 0 2 1 3 1 10 4 25
15A 15.9 17.2 3 1 2 0 3 1 3 0 11 2 26
15B 17 21.8 3 1 2 0 3 1 3 1 11 3 28
15C 16.9 19 3 1 2 0 3 1 3 2 11 4 35
15D 16 21.4 3 1 2 0 3 1 3 1 11 3 33
E3 16B 16.5 18.5 3 1 2 0 3 1 3 1 11 3 32
16C 15.2 15 3 1 2 0 3 1 3 1 11 3 35
16D 16.8 20.6 3 1 2 0 3 1 3 1 11 3 33
All of these mice were challenged with tumor cells. In addition, the E1 group received antiVB6 chimeric tumor antibody, the E2 group received antiCD4 
chimeric tumor antibody along with an idiotype vaccine, and the E3 group received antiVB7 chimeric tumor antibody. The data for the endpoint 
assessment control groups was more consistent between animals and therefore are not shown.
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experiment. This result suggests that provoked behavior scores 
should not be used as the sole measure and encourages the use 
of total score calculation to most accurately assess animal health. 
Because these scores are subjective measurements, they likely 
reflect variability between observers and mouse responses. De-
pending on the time of day, amount of stress, and other factors, 
each mouse may respond differently to a standard provocation at 
various times. The mice in this experiment were assessed at the 
same time during the day, but because mice are nocturnal ani-
mals, consideration could be given to assessing behavior scores at 
night in a future study. In addition, although one can reasonably 
expect a healthy animal to have enough energy to ambulate about 
the cage, sometimes bursts of activity can occur in injured or sick 
animals, as in a fight-or-flight response, which supports why a 
hyperactive response would also have received a score of 0. In 
this study, no animal exhibited a hyperactive response.
Although the BCS, appearance, natural behavior, and pro-
voked behavior scores are all helpful indicators of morbidity in 
this abdominal tumor model, they combine to produce the total 
score, which is the most collective and sensitive assessment likely 
to indicate poor health. Each individual parameter contributes to 
the overall total score, but because each parameter is also subjec-
tive, their combined assessments more accurately illustrate the 
picture of animal health in this tumor model. In this study, we 
found that when an animal’s total score fell below 5 (maximum, 
13), increases in the frequency of evaluation were indicated to 
allow timely identification of endpoints. A total score of 3 or less 
generally indicated that euthanasia was appropriate. An animal 
with a score of 3 typically had a stable body weight but appeared 
thin, did not groom, and moved little, despite provocation. In 
the animal develops cachexia and becomes ill. Because it is inde-
pendent of body weight, BCS is a more accurate reflection of the 
health of an animal. This measurement generally is accepted in 
companion species as an assessment of nutritional status. Possible 
complications with this monitoring technique may arise if sub-
cutaneous edema or fatty tumor development over the sacroiliac 
region is present; but these complications likely would be rare in 
young rodents over a short (46-d) study period.
The appearance score was also more reliable than body weight 
as an indicator of health for the mice in this study. All of the ani-
mals in the control groups maintained good grooming habits, 
whereas those in the experimental groups developed piloerec-
tion and decreased grooming as the tumors increased in size. Al-
though poor grooming may not be a direct indicator of tumor 
burden, it may reflect the mouse’s activity level and health status. 
However, because this scoring system only ranged from 0 to 2, 
scores showed little variability, even in the experimental groups. 
This narrow scoring system might not detect subtle changes that 
would otherwise be detected in total score calculations.
The behavioral scores were more reliable than body weight in 
indicating when a mouse was ill. Behavior can be an indication 
of energy level: if animals are healthy, they typically are highly 
active. However, this assessment depends on a mouse’s natu-
ral activity periods and other factors, such as stress (previously 
handled or manipulated, newly cleaned cage). The natural and 
provoked behavior scores both were ranked from 0 to 3, result-
ing in the possibility of more variation in scores than seen with 
appearance scoring. The provoked scores in the experimental 
groups were more varied than the appearance or natural behavior 
scores and were anywhere from 0 to 3 by the completion of the 
Figure 3. Percentage of weight change from baseline daily in endpoint 
assessment control (n = 16) and experimental (n = 20) groups. Each 
mouse’s percentage of weight change from terminal to baseline was di-
vided by the number of days that that mouse participated in the study. 
The average of these data was calculated for the endpoint assessment 
control and experimental groups. Error bar, 2 SD.
Figure 4. Change in total score of endpoint assessment control (n = 16) 
and experimental (n = 20) groups as averaged daily. Data were calcu-
lated as numerical score change from initial day of study to endpoint di-
vided by the total number of days each mouse participated in the study 
before euthanasia. Error bars, 2 SD.
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in studies involving tumor growth, and assessment of behavior 
becomes more difficult as a sole indicator for euthanasia. In our 
study, total score was more accurate for assessing mouse health 
in these abdominal lymphoma studies than was the use of any 
single criterion.
In this abdominal tumor model, abdominal distention indicated 
tumor development, and although present, it was not quantified 
according to a scale. Because these mice were on another investi-
gator’s study, necropsies were not performed after removal from 
the study to ascertain tumor burden or ascites. This information 
would especially have been helpful in the 3 experimental ani-
mals that were removed from the data set due to lack of onset of 
clinical signs associated with tumor development or abdominal 
distention.
The application of BCS in abdominal tumor models does have 
limitations, which necessitate additional research on this method 
as a monitoring parameter. For example, animal age, gender, and 
reproductive status become factors in BCS and total score assess-
ment. As animals age, muscle mass decreases and fat deposition 
shifts.5 Pregnancy also can alter BCS assessment. If similar studies 
are performed in an aged population, the observer may assign a 
low BCS and total score to animals that are still healthy for their 
age. The scale may need to be modified for studies involving aged 
or reproductively active animals.
Another area of further study involves assessment of the time 
point at which the total score first indicates ill-health. As illus-
trated by the time course of a representative mouse (Figure 5) 
in this study, once total score decreased, it declined rapidly. Ad-
ditional research on other models may reveal different rates of 
decline in total score. Therefore, further assessment of other mod-
els may assist animal care staff in monitoring animals every few 
days initially and then more frequently once the total score starts 
to decrease. For the present model, the monitoring intervals we 
described were appropriate.
Although the total score panel (including BCS and behavior as-
sessments) presents a learning curve and requires manual labor 
and a time commitment to perform, it is easy to learn, is nonin-
vasive, and can be performed by anyone, regardless of education 
and skill level. In addition, obtaining the total score is relatively 
resistant to interobserver variability.8 Body weights alone can be 
variable, due to differences between equipment, time of day, and 
personnel. If total score assessment is done correctly, the time 
involved may not greatly exceed that for obtaining body weights 
only, and the data will be more reliable. Additional studies can 
be performed to assess time commitments for various morbidity 
assessment techniques.
Assessing BCS, appearance, and behavior are appropriate ad-
junct assessments to weight monitoring in abdominal lymphoma 
models, for which visual assessment of tumors is not possible. In 
addition, these criteria potentially could serve as adjunct monitor-
ing parameters in other mouse models in which body weight is 
not an accurate indication of health. Such models include other 
abdominal tumors, cutaneous tumors, surgical device implanta-
tion, infectious disease, organ hypertrophy, and cardiovascular 
disease. BCS and total score assessments are helpful methods of 
health evaluation in mice and can be considered adjunct monitor-
ing techniques in protocols.
traditional rodent studies, thin appearance, a decrease in groom-
ing, or lethargy may not warrant euthanasia according to IACUC-
approved endpoints. By collectively evaluating all of these points 
as well as behavior scores, we were able to develop a more com-
plete clinical picture and identify health deterioration sooner than 
was possible with our traditional IACUC-approved endpoints. 
Although some animals with scores below 3 did not necessar-
ily fulfill all of the traditional IACUC-approved endpoints for 
euthanasia, both our observers and our collaborator’s staff had 
concerns for these animals that would normally cause them to 
seek veterinary intervention. This outcome illustrates a weakness 
in the IACUC-approved subjective criteria and how application 
of objective ratings can improve the welfare of the animals on a 
study. Because mice with a total score of 5 consistently fell within 
72 h to a total score of 3 (consistent with the subjective IACUC-
approved endpoints), we recommend using this objective rating 
scale with increased monitoring frequency when mice reach a 
total score of 7, with euthanasia when they reach a total score of 5.
In traditional IACUC-approved protocols, monitoring param-
eters have included weight, appearance, and behavior. Appear-
ance and behavior are subjective criteria and can vary markedly 
between observers, a considerable drawback relative to the more 
commonly used endpoint assessments. Because these parameters 
are subjective, emphasis typically is placed on changes in weight 
as a reflection of anorexia or dehydration, indicative of declin-
ing animal health.11,15 However, body weight may remain stable 
Figure 5. Time course for a representative mouse from the (A) experi-
mental and (B) control groups. Note that despite its gradual weight gain, 
the experimental mouse’s (A) total score decreases. The decrease in total 
score remains constant until it abruptly decreases. The control mouse’s 
(B) weight gradually increases as its total score remains unchanged.
Endpoints for mouse abdominal tumor models
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